Twonew carbapenem antibiotic-producing actinomycetes, the cell-walls of which contain LL-diaminopimelic acid and raew-diaminopimelic acid, were isolated from soil. The two strains were subjected to taxonomic studies, which involved morphological, cultural, physiological and chemotaxonomical characterization, the latter including the cell-wall chemotype, whole-cell sugar composition, phospholipid composition, menaquinone system and DNAbase composition. These strains were identified as new species of the genus Kitasatosporia. The proposed names are Kitasatosporia papulosa for strain AB-110 (IAM 13637, FERM9000, JCM 7250) and Kitasatosporia grisea for strain AA-107 (IAM 13638, JCM 7249).
The carbapenem antibiotics exhibit potent and broad antibacterial activity, and potent /3-lactamase inhibitory activity. They are powerful examples of naturally-occurring /3-lactam antibiotics, such as penam (penicillins), cephem (cephalosporins), 7-methoxycephem (cephamycins), 7-formylaminocephem (cephabacin Fs), monocyclic^-lactam (nocardicins, sulfazecins and SQ-26180), clavam (clavulanic acids) and carbapenem (thienamycins, etc.) antibiotics.
Many carbapenem antibiotic-producing microorganisms have been isolated. However, they are limited to strains of the genera Streptomyces1^, Erwinia1^and Serratia10\ No microorganism in any other genus has been reported to be a carbapenem antibiotic producer. Therefore, we tried to isolate carbapenemantibiotic producers from amongso-called 'rare actinomycetes', which are actinomycetes other than those of the genus Streptomyces.
Weperformed cell-wall analysis to select 'rare actinomycetes'. Cell-wall components, such as LL-diaminopimelic acid (A2pm), ra^a-A2pm, glycine, arabinose, galactose, xylose and madurose, have been used as key criteria in the classification of actinomycetes11>12). Amongsuch cell-wall components, the isomer types of A2pmcan be used for the differentiation of 'rare actinomycetes' from the genus Streptomyces. The latter together with some other genera (Streptoverticillium, Microellobosporia, Sporichthya, Nocardioides and Erytrosporangium) contain only LL-A2pm. However, most other actinomycete-genera contain only meso-K^m,both ll-and meso-A2pm,or no A2pm.Therefore, determination of the isomer type of A2pmis practically useful for the selection of 'rare actinomycetes'. A search for carbapenem antibiotic-producing 'rare actinomycetes' by our screening program led to the isolation of two new producers, AB-110 and AA-107. The cell-walls of most of the five hundreds or more of carbapenem antibiotic producers found in our screening contained only LL-A2pm. Therefore, they were considered to belong to the genus Streptomyces and thus were not studied further. However, the cell-walls of strains AB-110 and AA-107 contained both ll-and meso-Ac,pm. This type of carbapenem antibiotic-producing actinomycetes has never been reported previously. Strain AB-110 was found to produce a carbapenem antibiotic, AB-110-D13\ which showed not only potent and broad antibacterial activity but also potent^-lactamase inhibitory activity. This antibiotic has never been reported as an actinomycete-product.
Several strains of actinomycetes which contain both the ll-and meso-isomers of A2pmhave been reported. Kawamotoet al.u) found that somestrains in the genus Micromonosporacontain a small amount of LL-A2pmtogether with a large amount of meso-A2pm.A same finding was also reported by Nelson et a/.15). Omuraet #/.16~21) isolated some strains which have the Streptomyces morphology but contain both ll-and meso-A<$min equal amounts. Omuraet al.m proposed a new genus Kitasatosporia for their isolates. The genus Kitasatosporia is characterized by the morphological resemblance to the genus Streptomyces and the cell-wall chernotype X17) (both ll-and meso-A2pm, glycine and galactose). Recently, Tamamuraet al.22\ Shimazu et aL2Z\ Inaoka et a/.24) and Iwami et fl/.25) also reported some strains belonging to the genus Kitasatosporia. Takahashi et aL26) reported a strain belonging to the genus Nocardiopsis, which contains a small amount of LL-A2pmtogether with a large amount of meso-A2pm.
In this paper we describe two new species, Kitasatosporia papulosa sp. nov. AB-110 and Kitasatosporia grisea sp. nov. AA-107, and compare them with those strains containing both ll-and mesoA2pm.
Materials and Methods

Isolation and Selection of Microorganisms from Soil
Strains AB-110 and AA-107 were isolated through heat treatment of soil samples270, the standard dilution and plating technique, and selective isolation for carbapenem antibiotic-producing actinomycetes28). The A2pmtype was determined by the method of Hasegawa et al á"\ immediately after they were identified as carbapenem antibiotic producers28). One colony grown on oatmeal -yeast extract -malt extract (OMYM) agar was hydrolyzed with 0.1 ml of 6 n HC1 at 120°C for 15 minutes and then subjected to ascending chromatographyon a thin cellulose sheet with a solvent system of methanol-6 n HC1 -pyridine-water (80 :26 :4 : 10) for 3 hours. Isomers of A2pm were detected by means of the ninhydrin reaction. OMYM medium contained of oatmeal 20 g, malt extract 2 g, yeast extract 2 g, glucose 2 g, CoSO4-7H2O 0.006 g, ZnSO4-7H2O 0.003 g, MnSO4-4~5H2O 0.003 g and FeSO4-7H2O0.003 g per 1 liter of distilled water, and was adjusted to pH 7.0.
Strain AB-110 was isolated from a soil sample collected at Mitsuike Park in Yokohama-city, Japan. The air-dried soil was heated at 100°C for 1 hour and then ground into a powder27). One ml of a 1,000-fold diluted soil suspension was plated on OMYM medium containing Augmentin (200 g/ml). Strain AA-107 was isolated from a soil sample collected at Tosyogu-shrine in Nikko-city, Japan. The air-dried soil was heated at 120°C for 1 hour and then ground into a powder. One ml of a 1 ,000-fold diluted soil suspension was plated on AVmedium270 containing Augmentin (200^g/ml). Both strains were isolated after incubation of the plate at 28°C for 3 weeks. Amongabout five hundred carbapenem antibiotic producers found in our laboratories, strains AB-110and AA-107were unique in having not only LL-A2pmbut also meso-A2pmin their cell-walls. Stock cultures for the strains studied were grown on an OMYM agar slant and preserved at -85°C. Each microorganism was cultivated in a 500-ml Sakaguchi flask containing 100 ml of SS medium on a reciprocal shaker at 28°C for 3 days. Then the cells were centrifuged and washed three times JAN. 1989 with sterile saline. The washed cells were used as the inoculum for various studies. SS medium contained of starch 20 g, glucose 5 g, Soytone (Difco Lab., Michigan, U.S.A.*) 12 g, yeast extract 5 g, KH2PO4 l g, CoS(V7H2O 0.006g, ZnSO4à"7H2O 0.003 g, MnSO4-4~5H2O 0.003 g and FeSO4-7H2O 0.003 g per 1 liter of distilled water, and was adjusted to pH 7.0.
Morphological Characteristics
Morphological characteristics were examined for cultures grown at 28°C for 2~4 weeks on oatmeal agar (International Streptomyces Project (ISP) medium 3) and inorganic salts -starch agar (ISP medium4). Examination was made with a photomicroscope (Optiphoto model with an ELWD lens; Nikon Co., Ltd., Japan.)
The spore surface was investigated under a scanning electron microscope (SEM;JSM-T20type; Japan Electron Optics Laboratory Co., Ltd., Japan). The specimen for the SEMwas prepared as follows. An agar block on which a microorganism grew was fixed with formalin gas, dehydrated through graded ethanol series, transferred into isoamyl acetate, dried by a critical point dryer (HCP-1 type; Hitachi Seisakusho Co., Ltd., Japan) and finally coated with gold by an ion coater (SC-701 type; Sanyu Densi Co., Ltd., Japan).
Cultural and Physiological Characteristics
Cultural and physiological characteristics were examined by the methods reported by Shirling and Gottlieb30), and Waksman31) as follows.
The media used were Tryptone -yeast extract broth (ISP mediuml) Chemical Analyses of Whole-Cells and a Cell-wall Preparation A microorganism was cultivated in a 500-ml Sakaguchi flask containing 100 ml of SS medium on a reciprocal shaker at 28°C for 3 days. The cells were collected by centrifugation, washed with sterile saline and then used as whole-cells. Cell-walls were prepared according to the method of Yamaguchi33). Aminoacids and sugars in whole-cells and the cell-wall preparation were determined as described by Becker et al.u) The relative quantities of ll-and meso-A2pmwere determined with a TLC scanner (CS-910 model; Shimazu Seisakusho Co., Ltd., Japan) at 410 nm.
The following four kinds of cells were prepared for analyses of A2pmaccording to the method of Takahashi Analysis of the DNABase Composition A microorganism was cultivated in a 500-ml Sakaguchi flask containing 100 ml of SS medium supplemented with 0.5% of glycine37) on a reciprocal shaker at 28°C for 3 days, and then the cells were collected by centrifugation. DNAwas extracted from the cells and purified by the phenol method of Saito and Miura38). The guanine plus cytosine content (G+C content) of DNAwas determined by the method of Tamaokaand Komagata39). DNAfrom Escherichia coli K-12 was used as a reference. Its G-fC content was presumed to be 51.4%.
Susceptibility to Antibiotics The susceptibility of strains AB-110 and AA-107 to antibiotics was examined by placing susceptibility discs (Showa discs; Showa Yakuhin Kako Co., Ltd., Japan) on the agar surface of assay plates. The assay plates consisted of 30 ml of yeast extract -.malt extract agar (ISP medium 2) and 1 ml of each seed culture in a plastic petri dish (75 x 225 mm; Eiken Kagaku Ltd., Japan). The susceptibility discs were impregnated with benzylpenicillin (20 u), cephalothin (30 jug), streptomycin (50 jug), tetracycline (200 /^g), erythromycin (50^g), fosfomycin (200 jug) or chloramphenicol (100 //g). After incubation for 2 days at 28°C, the diameters of the inhibition zones were determined.
Results and Discussion
Morphological Characteristics Strains AB-1 10 and AA-107 showed almost the same morphological characteristics, except for the spore surface. Long aerial mycelia developed from substrate mycelia. The structure of the aerial mycelia was of the Rectus-Flexibilis type. Themature spore chains comprised more than 20 spores each. The spores were cylindrical and 0.7~0.9x0.8~1.4^m in size. The substrate mycelia in agar media were not fragmented. Nozoospores, sporangia, sclerotia or any other special structures were formed. The spore surface of strain AA-107 was smooth, however, that of strain AB-110 was smooth with some warts, as shown in Fig. 1 .
Cultural and Physiological Characteristics Strain AB-110 grew abundantly on yeast extract -malt extract agar (ISP medium 2), oatmeal agar (ISP medium3), inorganic salts -starch agar (ISP medium4), peptone -yeast extract -iron agar (ISP medium 6), tyrosine agar (ISP medium 7) and nutrient agar. The color of the aerial mycelia that grew on oatmeal agar (ISP medium 3), inorganic salts -starch agar (ISP medium 4) and glycerol - asparagine agar (ISP medium 5) was light gray to gray. The substrate mycelia were light brown or grayish yellow. A soluble pigment was not formed (Table 1) . Strain AB-110 grew at 14 to 36°C, at pH 5.0 to 9.5, and in medium containing less than 3.5% of NaCl. Starch was hydrolyzed. Gelatin was liquefied. Milk was peptonized but not coagulated. Nitrate was not reduced. Melanin was not produced. Good growth occurred on D-xylose and D-glucose as single carbon sources, moderate growth on L-arabinose, D-fructose, sucrose, i-inositol, L-rhamnose, raffinose and D-mannitol, and no growth on cellulose.
Strain AA-107 grew abundantly on yeast extract -malt extract agar (ISP medium 2), oatmeal agar (ISP medium3), inorganic salts -starch agar (ISP medium 4), peptone -yeast extract -iron agar (ISP medium 6) and nutrient agar. The color of the aerial mycelia that grew on oatmeal agar (ISP medium 3), inorganic salts -starch agar (ISP medium 4) and glycerol -aspargine agar (ISP medium 5) was yellowish gray or light gray. The substrate mycelia were olive brown to grayish green. A soluble pigment was not formed (Table 1) .
Strain AA-107 grew at 15 to 38°C, at pH 5.0 to 9.5, and in medium containing less than 4.5 % of NaCl. Starch was hydrolyzed. Gelatin was liquefied. Milk was peptonized but not coagulated. Nitrate was not reduced. Melanin was not produced. Good growth occurred on dxylose and D-glucose as carbon sources, moderate 23 growth on D-fructose, L-rhamnose and D-mannitol, poor growth on L-arabinose, and no growth on sucrose, /-inositol, raffinose or cellulose.
ChemotaxonomicalCharacteristics
The cell-walls of strains AB-110and AA-107in submerged-cultures contained ll-and mesoA2pm, glycine and galactose, therefore, they were considered to have cell-wall chemotype X17). Wholecells contained galactose. The ratio of ll-and meso-A^pmin submerged mycelia was roughly estimated to be 3 : 1. Only LL-A2pmwas detected in submerged spores and aerial spores. However, both isomers seemed to be present in filamentous and substrate mycelia. This may be due to the difficulties in separating spores from mycelia. The phospholipid detected was phosphatidylethanolamine. Hence the phospholipid pattern was of type IP5). Menaquinones were detected but not ubiquinone. The major menaquinones were MK-9(H6) and MK-9(H8), as shown in Table 2 . The G+C contents of strains AB-110 and AA-107 were 72.0±0.5 % and 72.0±0.3 %, respectively. Susceptibility to Antibiotics Strains AB-110 and AA-107 were resistant to benzylpenicillin (20 u) and cephalothin (30 //g). However, they were sensitive to streptomycin (50^g), tetracycline Identification of Strains AB-1 10 and AA-107 The morphological characteristics of strains AB-110and AA-107resembled those of the genus Streptomyces. Long aerial mycelia developed from substrate mycelia. The mature spore chains comprised more than 20 spores each. The substrate mycelia were not fragmented. Sporangia, zoospores and sclerotia were not formed. Somechemotaxonomical characteristics also resembled those of the genus Streptomyces. The phospholipid (type II) and major menaquinones (MK-9 (H6) and MK-9(H8)) were the same as those of the genus Streptomyces*°~*2:'. The G+Ccontents were 72%. Those of Streptomyces species are generally distributed between 69 and 76%42). However, cell-wall and whole-cell compositions were not the same as those of the genus Streptomyces. The cellwalls contained LL-A2pm, meso-A2pm, glycine and galactose (cell-wall chemotype X), and whole-cells contained galactose. Therefore, these characteristics of strains AB-110 and AA-107 were considered to be those of the genus Kitasatosporia proposed by Omura et al.17\ Although strains AB-110 and AA-107 resembled some of Micromonospora-and Nocardiopsis-strmns in having both ll-and meso- 24 THE JOURNAL OF ANTIBIOTICS JAN. 1989 A2pm, the isolates were different from them chemotaxonomically or morphologically. Some strains in the genus of Micromonosporau>lh>i*) contain ll-and meso-A&mand glycine in the cell-walls, and contain arabinose and xylose in the whole-cells. Micromonospora strains form spores in singly, in pairs or short chains on substrate mycelia. A strain in the genus Nocardiopsis2Q>*2>*3:> contains ll-and meso-A2pm in the cell-walls, and contains galactose in the whole-cells. It forms fragmented substrate mycelia, spores of irregular lengths and some special structures such as sclerotia or sporangia in aerial mycelia. Strains reported in the genus Kitasatosporia are K. setae16>18 >21\ K. griseola21'* and K. phosalacinea21^. Those have been validly published44>45). But other strains23>25) in the genus Kitasatosporia have not yet been validly published. The three strains, K. setae IFO 14216, K. griseola IFO 14371 and K. phosalacinea IFO 14372, were characterized at the species level on the basis of differences in the G+Ccontent, mass color of aerial and substrate mycelia, color of the soluble pigment, tolerance to NaCl, gelatin liquefaction, milk coagulation, nitrate reduction, utilization of carbon sources and antibiotics produced17>21). K. setae IFO 14216 has a G+Ccontent of 73.1 %. White aerial mycelia and ivory substrate mycelia develop. A yellow maple color soluble pigment is produced. It is tolerant to less than 1.5% NaCl. Gelatin is not liquefied. Milk is peptonized and coagulated. Nitrate is not reduced. L-Arabinose, D-xylose and D-glucose are utilized, but not D-fructose, sucrose, /-inositol, L-rhamnose, raffinose, D-mannitol or cellulose. The antibiotic, setamycin, is produced. K. griseola IFO 14371 has a G+Ccontent of 66.0%. Gray aerial mycelia and golden olive substrate mycelia develop. A pink soluble pigment is produced. It is tolerant to less than 2.0% NaCl. Gelatin is not liquefied. Milk is peptonized and coagulated. Nitrate is not reduced. L-Arabinose, D-xylose, D-glucose and raffinose are utilized, but not D-fructose, sucrose, /-inositol, L-rhamnose, D-mannitol or cellulose. The antibiotic, setamycin, is produced. K. phosalacinea IFO 14372 has a G+Ccontent of 66.6% White aerial mycelia and bamboocolor substrate mycelia develop. A light tan soluble pigment is produced. It is tolerant to less than 2.0% NaCl. Gelatin is not liquefied. Milk is peptonized but not coagulated. Nitrate is reduced. L-Arabinose, D-xylose, D-glucose, D-fructose, sucrose, L-rhamnose and raffinose are utilized, but not /-inositol, D-mannitol or cellulose. A different antibiotic, phosalacine, is produced. The results of taxonomic comparison of strains AB-110and AA-107with three species of Kitasatosporia are summarized in Table 3 .
Strains AB-110 and AA-107 have very similar G+Ccontents to that of K. setae, but not to that of K. griseola or K. phosalacinea. Therefore, the isolates were considered to be related to K. setae. However, strains AB-1 10 and AA-107, and K. setae were found to differ on taxonomic comparison. Strains AB-110 and AA-107 were different from K. setae in the ratio of ll-and meso-A&min the cellwalls, mass color of aerial and substrate mycelia, soluble pigment produced, tolerance to NaCl, gelatin liquefaction, milk coagulation, utilization of carbon sources and antibiotics produced. According to our results, K. setae showed the same characteristics as those described by Omura16>17>21), except for the ratio of ll-and meso-A2pmcontents. The ratio of ll-and meso-A2pmcontents in strains AB-110 and AA-107, and K. setae were 3 : 1, 3 : 1 and 1 : 3, respectively, although that ofK. setae was reported to be almost 1 : l«.">. Strains AB-110 and AA-107 developed gray aerial mycelia and brown substrate mycelia. A soluble pigment was not produced. Strains AB-110 and AA-107 were tolerant to less than 3.5% and 4.5% NaCl, respectively:
K. setae is tolerant to 1.5% NaCl. Gelatin was liquefied. Pho salacine a All datafromref21.
Milk was peptonized but not coagulated. In addition to L-arabinose, D-xylose and D-glucose utilized by K. setae, D-fructose, sucrose, /-inositol, L-rhamnose, raffinose and D-mannitol were utilized by strain AB-1 10, and D-fructose, L-rhamnose and D-mannitol by strain AA-107. Carbapenem antibiotics were produced. Furthermore, strain AB-110 was different from strain AA-107 in spore surface, tolerance to NaCl and utilization of carbon sources. Strain AB-110 developed smooth spores with some warts. JAN. 1989 It was tolerant to less than 3.5% NaCl, not 4.5%. In addition to carbon sources utillized by strain AA-107, sucrose, /-inositol and raffinose were utilized by strain AB-1 10. Considering the separation of the three approved species in the genus Kitasatosporia11 '20) , it is concluded that strains AB-1 10 and AA-107 are new species of Kitasatosporia, respectively. The proposed name for strain AB-110 is K. papulosa sp. nov., due to the warts on its spore surface, and that for strain AA-107is K. grisea sp. nov., due to the gray color of its aerial mycelia. Antibiotic Susceptibility: Resistant to /3-lactam antibiotics. Sensitive to streptomycin, tetracycline, erythromycin, fosfomycin and chloramphenicol.
Description
Cell-wall Composition and Whole-cell-sugar Composition: ll-and meso-A2pm9glycine and galactose are present in the cell-walls. Galactose is present in the whole-cells. Phospholipid and Menaquinones: Phosphatidylethanolamine is present. The major menaquinones are MK-9 (H6) and MK-9 (H8). G-fC Content: 72.0%. Antagonistic Product : The type strain produces carbapenem antibiotics.
Habitat: This organism may be distributed in soil. Only a single strain is known. Type Strain: The type strain is strain AA-107, which was isolated from soil in Nikko-city, Japan. A culture of this strain has been deposited at the Institute of Applied Microbiology, University of Tokyo, Japan, with the accession number, IAM13638, and at the Japan Collection of Microorganisms, RIKEN, Japan, with the accession number, JCM7249.
